protein, which consists of 41000-23000-Mr subunits, was assembled into an -8S oligomer and then cleaved, yielding two disulphide-linked intermediates of Mr 59000 and 24000. Thereafter, the IlS oligomer was formed. Processing of the 59000-Mr to the 41 000-Mr polypeptide occurred both in the 8S and in the IlS form.
In dicotyledonous plants, seed storage proteins have been investigated most extensively in legumes. Separation by ultracentrifugation showed that leguminous storage proteins fall into two major types, namely legumins and vicilins, sedimenting at 11-12 S and 7-8S respectively. In some species additional proteins of 2-4S occur. The legumin holoprotein consists of six a-(M, -40000) and six P-(M, -20000) polypeptides linked together in pairs by disulphide bridges. The vicilin holoprotein appears to consist of three -50000-Mr subunits, some of which may be cleaved posttranslationally. Legumin-like proteins and the 2-4S proteins are the major storage proteins in other dicots, whereas vicilin is reported to be a minor constituent in some non-leguminous species [for reviews, see Derbyshire et al. (1976) , Higgins (1984) , Casey & Domoney (1984) and Boulter (1984) ].
In crop seeds, many storage proteins are synthesized via high M, polypeptides, which undergo post-translational cleavage (Higgins, 1984 proteins in the non-leguminous dicot Agrostemma githago (corn-cockle), a member of the Caryophyllaceae. This study supplements our investigations on protein synthesis in relation to dormancy and germination of Agrostemma githago seeds (de Klerk, 1983; de Klerk & Smulders, 1984) . Previously we reported that Agrostemma storage proteins are synthesized through post-translational cleavage of large precursor polypeptides (de Klerk, 1984a) . Since the oligomeric assembly of precursor polypeptides has been examined thoroughly only in peas (Pisum sativum) (Spencer & Higgins, 1980; Chrispeels et al., 1982) 80% (v/v) , subsequently dissolved in a solution containing 2% (w/v) SDS/10% (v/v) glycerol/5% (v/v) 2-mercaptoethanol and 0.005% Bromophenol Blue, and heated for 3 min at 100°C. SDS/polyacrylamide-gel electrophoresis was performed as described by Laemmli (1970) with a 1 3%-polyacrylamide slab gel. The gels were stained with Coomassie Blue R-250, destained, photographed and finally prepared for fluorography (Bonner & Laskey, 1974) with Kodak X-Omat R film. The S20,w values were calculated. Mr values were obtained by using lysozyme (M, 14300), f-lactoglobulin (18400), trypsinogen (24000), carbonic anhydrase (29000), pepsin (34700), egg albumin (45000), bovine serum albumin (66000), and phosphorylase b (97400) (all from Sigma) as standards. Klerk, 1984a) . Since these proteins are synthesized in large amounts in developing seeds and are broken down after germination (de Klerk, 1983 Klerk, , 1984b , they are classified as storage proteins.
Ultracentrifugation of Agrostemma seed pro- teins on a sucrose gradient yielded two major components. The first (Fig. 1, lanes 1-3) sedimented at -2S and consisted of bands IX and X. The second fraction (Fig. 1, lanes 7-10) (Fig. 1, lanes 5-7) . This polypeptide is synthesized in developing seeds (Fig. 2c, lanes 5-7) , is a globulin and is degraded after germination (G. J. The precursors form a triplet of polypeptides of Mr 69000, 66000 and 65000, indicated by III (Fig. 2a) . Legumin in legumes (Croy et al., 1980; Spencer & Higgins, 1980; Barton et al., 1982) , and leguminlike storage proteins in oats (Avena) (Brinegar & Peterson, 1982) and rice (Oryza) (Yamagata et al., 1982) are also synthesized from precursors in which the a-and fl-subunits are peptide-bonded.
After centrifugation, the group-III polypeptides sedimented to the greatest extent at -7 S (Fig. 2a,  lanes 6-7) . This indicates that they had assembled rapidly into a trimer. If the group-III polypeptides had not assembled rapidly into an oligomer, then they would be expected to sediment in the top gradient fractions 1-5.
During the chase, the group-Ill polypeptides were cleaved and yielded the two pairs of disulphide-linked a-and P-subunits, VIb-VIlla and VIc-VIIIc (de Klerk, 1984a) . After a 2h chase, fractions 6 and 7 had more label at the positions of VIb,c and VIIIa,c than had fractions 8-10 (Fig.  2b) . Coomassie Blue staining of the same gel showed, however, that the bulk of proteins VIb,c and VIIIa,c was present in fractions 8-10 (see Fig.  1 ). This shows that the cleavage products remained initially in the 7S form. (Fig. 2d) . The results may be summarized as follows:
III -+ (III)7S - (VIb, c)7s (VIb,c-VIIIa,c)I Is
In peas it was found that the assembly of the legumin precursor polypeptides and their cleavage products occurs in the same way. The assembly of the legumin precursor polypeptides into the intermediate 7S and the final 12S oligomers was, however, much slower (Spencer & Higgins, 1980; Chrispeels et al., 1982) . Similar data are reported for glycinin in soya beans (Barton et al., 1982) . It should be noted that, after a 23 h chase, VIcVIIIa sedimented to a large extent in fractions [3] [4] [5] [6] (Fig. 2d) . The same was observed after Coomassie Blue staining (see Fig. 1 ). This indicates that the I IS oligomers are unstable during the extraction.
Assembly ofthe precursor polypeptides of VIa-VIIIb
As shown previously (de Klerk, 1984a) , the disulphide-linked VIa (a) and VIIIb (f) polypeptides are synthesized from a precursor of M, 88000, which is indicated by 'I' (Fig. 2a) . Precursor polypeptide I sedimented at 8 S (Fig. 2a , fractions 6-8), indicating that it is present as a trimer. Since band I was present in only small amounts in fractions 1-5, precursor I appeared to have assembled rapidly into the 8S form. After a 2 h chase, band I had been partially processed to the polypeptides IV (Mr 59000) and VIlId (Mr 24000). With longer chase times, IV and VIIId were subsequently cleaved to yield VIa and VIlIb respectively (de Klerk, 1984a) . Since IV and VlIId are disulphide-linked and as they are intermediates in the synthesis of the a(VIa)-and f,(VIIIb)-polypeptides respectively, cleavage of.I into IV and VlIld represents a legumin-type cleavage.
Band IV sedimented both at 8S and at -11 S; after a 2h chase, it sedimented predominantly at 8 S and I I S (Fig. 2c , fractions 6-7 and 8-9 respectively). This shows that the IV-VIIId complex was assembled from an 8 S into an 115 S oligomer and that apparently the 18 kDa polypeptide, which is peptide-linked to VIa in intermediate IV, did not hinder this assembly.
The cleavage product of IV, band VIa, became visible only after a 5 h chase ( Fig. 2c ; see also de Klerk, 1984a). Band VIa sedimented both at 8S and at 11 S (Fig. 2c , fractions 6-7 and 8-9 respectively). The presence of intermediate IV in the 11 S oligomeric form and of its cleavage product, VIa, in the 8 S oligomeric form indicates that the proteolytic cleavage of IV occurred both in the 8 S and in the 11 S oligomer. Apparently this cleavage was independent of the oligomeric form. This contrasts with legumin-type cleavage (both of I into IV-VIlId, and of III into VIb-VIIIa and VIc-VIIIc), which occurred in the 7-8 S form only.
After a 23 h chase, band IV had almost completely disappeared. Furthermore, VIlId had been processed to VIIlb, which probably represents a deglycosylation event (de Klerk, 1983; Vitale & Chrispeels, 1984) . 
